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Karanglo Km 2, Malang, Indonesia 
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Abstract. The nitriding process can be effectively applied to steel with alloying elements. The 
higher the alloying element in the steel maximizes the mechanical properties, including hardness. 
However, the raw material can be costly, therefore using cheap materials (without alloys) is a 
challenge in increasing surface hardness through iron nitride formation. Furthermore Grey and 
nodular cast iron have different properties and characteristics in the structure. This research 
focuses on the ability of the cast-iron structure to affect the nitride layer formation. Gas nitriding 
was conducted in a fluidized bed reactor with a 550oC in 20 % N2 and 80 % NH3 atmosphere at 
a flow rate gasses of 0.7 m3/hr process temperature and holding for 2, 4, and 6 hours. Tests are 
conducted by observing the depth of hardening, SEM, and EDAX. According to the results, the 
nitriding process increases the surface hardness of cast iron. The highest hardness value is 
nodular cast iron with a holding time of 6 hours (345 HV) and a hardening depth of up to 20-
micron meters. The compounds formed in the nitride layer include FeN, Fe2-3N, Fe4N, and Fe2N. 
The compound formed is strongly influenced by the treatment time. Furthermore, the comparison 
of nitriding treatment on gray and nodular cast iron was influenced by the flake and nodule 
structure. In general, the nodule structure is responsible for maximum hardness. The longer 
treatment time allows the nitrogen atoms to diffuse more to the surface, while the flake structure 
limits the absorption of nitrogen atoms into the surface of the cast iron. Characterization of 
Nodular Cast Iron shows that The hardening depth distribution trend due to the nitriding process 
in nodular cast iron was not much different from gray cast iron. 
1.  Introduction 
Grey and nodular cast iron are widely used in manufacturing due to lower prices and significant 
properties, including hardness and optimal damping ability. Nitrogen atoms can stick to cast iron 
graphite [1]. The nitriding process on gray cast iron utilizing plasma technology does not result in 
optimal nitrogen atom penetration into the material [2]. The nitrocarburization process carried out on 
gray cast iron by previous researchers only resulted in a layer thickness between 10 to 14 micron meters 
and has the disadvantage that the surface roughness increases sharply [3]. So that this research will take 
advantage of gas technology with a fluidised bed reactor. This study determined the nitriding process's 
effect on the hardness value and the role of the microstructure on the surface of grey and nodular cast 
iron. The research aimed to improve the optimal surface hardness of grey and nodular cast iron. The 
ability to absorb nitrogen atoms in the nitriding process determines the surface hard nitride formation. 
Iron nitride formed on the surface affects changes in cast iron's surface structure, affecting other 
properties possessed by cast iron [4]. Nitriding is one of the thermochemical surface hardening 
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treatments effectively applied. This is because the hard layer formed is very thin to affect cast iron's 
properties and initial characteristics [5]. 
Nitriding is a thermochemical treatment process where nitrogen is diffused onto the surface of the 
material (ferrous and non-ferrous) at 500-600 0C for skin hardening due to an alloy's formation nitride 
layer on the specimen surface. The layers' thickness ranges from 0.2 to 0.7 mm, with a hardness of 900-
1100 HV. Since the process temperature is very low, the possibility of gyometric distortion or cracking 
is very low. Some of the nitriding process's essential properties include abrasive and adhesive wear 
resistance and corrosion resistance [6].  
Gas nitriding conducted by heating between 500 and 600 0C in a heating reactor with an atmosphere 
containing nitrogen is widely used. Current fluidized bed technology has been utilized to produce a 
surface hardness of steel and iron for the thermochemical gas treatment process. Alumina powder is 
used as a medium for transferring heat from the kitchen wall to the specimen, increasing surface 
hardening quality. However, the quality of surface hardening is largely determined by the alloy of the 
material to be processed [7,8]. 
2.  Research methodology 
Commercially available grey and nodular cast iron manufactured by KPS Steel was used in this study. 
Small plates (15 mm × 15 mm × 15 mm). preparation of specimen used wire cutting and milling process. 
Nitriding processes were conducted by fluidised bed reactors at National Institute of Technology of 
Malang. Samples were nitrided in a 20% nitrogen plus 80% Ammonia atmosphere at a flow rate gasses 
of 0.7 m3/hr.  The process time was 2, 4 and 6 hour and temperatures were selected is 550◦C. The 
samples were then cooled in oil SAE 40 to the room temperature. After nitriding, the samples were 
cross-sectioned, mounted in Bakelite, mechanically ground, polished and then etched with nital alcohol 
96% + asam nitrat 4%. The microstructural characterization was per-formed by SEM and EDAX (at 
Sepuluh November Institute of Technology) to determine the thickness of the nitride layer and the 
structure formed and nitrogen atomic deposition on the specimen. The nitride element formed, and the 
case depth was observed using EDAX and microhardness tests with Vickers (at National Institute of 
Technology of Malang). 
3.  Results 
3.1.  Test data 
3.1.1.  Hardness distribution testing. The comparison of nitriding treatment on cast iron showed a 
significant change in hardness in nodular compared to grey cast iron, as shown in Figure 1. However, 
all cast iron specimens showed high hardness values on the surface to a depth of 20-micron meters. The 
hardness at a depth of 10 and 20 microns went up to 50 % and 25 %, respectively. At a depth of 30 
microns and above, the hardness value was almost the same as the base metal. This showed the depth of 
hardening in average cast iron was only 20-micron meters. Nitride layers above 20 microns were very 
difficult to form. 
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Figure 1. Depth profile of grey and nodular cast iron hardening. 
 
  
a     b 
Figure 2. Structure of surface nitride hard layer a) gray cast iron, b) nodular cast iron. 
 
   
a      b 
Figure 3. Grey cast iron a) 1000x magnification, b) 5000x magnification. 
 
   
a      b 
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3.2.  SEM observation results 
 
   
a   b   c 
Figure 5. Nitride layer thickness in nodular cast iron a) 2 hours, b) 4 hours, c) 6 hours. 
 
From the results of SEM observations (Figure 5), the nitride layer was formed with a thickness of 
4.67µm in the 2-hour treatment), 16.5 μm (4 hours’ treatment), and 20.0 μm (6 hours’ treatment). The 
longer the holding time, the higher the thickness of the nitride layer. Table 1 showed the high nitrogen 
atom concentration value on the surface in the EDAX test. 
 
Table 1. EDAX test results. 
 Cast iron 





















4.  Discussion 
The hard layer of iron nitride formed on the surface was shown in the SEM test results (Figure 2). 
Nodular cast iron had better coating hardness, though the nitride layer was thinner than grey cast iron. 
The spherical structure (nodule) in nodular cast iron had a lower stress concentration, hence the nitrogen 
atom was easily bound to the Fe in the complete formation of hard nitride (Figure 3b). According to 
Figure 3.a, the nitride layer formed on the surface is often more prone to crack propagation (breakage). 
This is because the grey cast iron structure in the form of a flake easily propagates to the surface [9]. 
Additionally, grey cast iron with an elongated structure (flake) had a high-stress concentration, 
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especially in the tip area (Figure 3). This led to a lower hardness because it tended to fail. Figure 5 
showed the structure of nodular cast iron where the grain boundaries were more neatly arranged, hence 
the stress concentration was more evenly distributed. 
Longer holding time led to a higher surface hardness because iron and nitrogen's chemical reaction 
lasted longer. This increased the concentration of nitrogen on the sample surface from diffusion. 
Therefore, a longer diffusion time increases surface hardness [10]. The microstructure observation 
results showed that before and after the nitriding treatment for 2 hours at 550oC, a nitride layer formed 
on the specimen surface. This is because the nitrogen atom diffuses with the iron atom in the specimen. 
The results show that FeN compounds from nitrogen content reached 7.31% weight or 21.98% atoms/at. 
The nitridization process also reached optimal conditions to achieve optimal nitrogen dissolved in iron 
of about 20% to obtain hard properties Fe4N. 
Increasing the nitriding process's temperature surges the concentration of nitrogen atoms in the 
material [11]. The maximum solubility limit of nitrogen in iron at a nitriding temperature of 500-590oC 
is 0.1%. In case it is greater than 0.1%, nitride γ '(Fe4N) is formed. Suppose nitrogen solubility in the 
iron exceeds 6%, the nitride γ '(Fe4N) changes to ε (Fe2-). At temperatures below 500oC with more than 
11% nitrogen content, nitride ξ 3N (Fe2N) immediately forms. Above 650oC, Fe4N decomposes. Nitride 
γ ’and ε are physically visible on the iron surface as a white or compound layer [12]. 
According to the data from the SEM-EDS test photo, the microstructure of the specimen was 
conducted after or before the nitriding process. This appeared in flake graphite on gray cast iron, grain 
boundaries, and nitride coating. In nitrided specimens, a hard shell was formed in the form of a nitride 
alloy deposit (compound layer) containing Fe4N. This was due to chemical bonding between nitrogen 
atoms and alloying elements present in grey cast iron specimens. 
Therefore, the nitriding process on grey cast iron was best conducted at a temperature of 550oC with 
a nitriding time of 4 hours. The nitrogen atom content at this rate diffused largely and deeply into the 
iron core, increasing the nitrogen atomic content. In case the nitriding process took more than 4 hours, 
nitrogen could not diffuse well and deeply into the iron core due to the long processing time. 
Analysis and Characterization of Grey Cast Iron shows that The SEM-EDS photo test showed that 
the grey cast iron decreased the concentration of carbon atoms after a nitriding treatment of up to 50 %. 
The nitrogen atomic content up to a depth of 17.8 µm was 21.98 % at, showing diffusion of atoms into 
the surface of the grey cast iron. This was reinforced by forming a nitride layer and high hardness values 
on the surface [10]. Increasing the treatment to 4 hours led to a lower concentration of carbon atoms and 
vice versa. The higher the nitrogen atom up to 23.95 % at, the longer the treatment, increasing the 
diffusion of nitrogen atoms. However, the 6 hour-treatment showed a decrease in nitrogen atoms' 
concentration, reaching 18.46% at. This showed that atoms' diffusion was supersaturated, where 
nitrogen (N) atoms met to form nitrogen molecules (N2) and released into the atmosphere. This 
supersaturated reaction occurred at a maximum layer thickness of 20 microns. 
Analysis and Characterization of Nodular Cast Iron shows that The hardening depth distribution 
trend due to the nitriding process in nodular cast iron was not much different from grey cast iron. 
However, the resulting surface hardness was higher than grey cast iron, especially in the 6-hour nitriding 
treatment. This showed that the cast iron nodule (round) structure influenced the hardness value. 
In the chemical composition test (EDS) with a nitriding treatment time of 2 hours, the nitrogen 
content was 6.87%, and the compound formed was Fe2-3N. In the 4 hours of treatment, most of the 
structures formed were iron nitride compounds Fe4N with a nitrogen concentration of 5.60%. By 
increasing the treatment time to 6 hours, the nitrogen concentration increased to 15.04%, hence the 
compounds formed were Fe2N with high surface hardness values. 
5.  Conclusion 
The grey cast iron showed the distribution of hardness, the highest being in the 4-hour process. 
Increasing the processing time to 6 hours led to a supersaturated reaction, accompanied by a decrease in 
hardness value. Nodular cast iron with a nodular structure still increased the hardness value up to 6 hours 
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of treatment. This was indicated by the formation of the nitride compound Fe2N on the surface of the 
nitride layer. 
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